Problem statement
The present study deals with the response of limestone aquifers to climate change. Central Italy is taken as representative region as characterized by extensive outcropping of karst/fractured limestones (Figure 1) , the aquifers of which supply several mountain springs having high quality water (Figure 2) . The recharge areas of mountain springs are virtually unaffected by human activity (no pumping wells):
thus, the spring's discharge analysis represents a useful tool to understand climate change and its effect on groundwater regimes (Figure 1) . After climatic characterization of the Central Apennine area on various time-scales (annual, seasonal and monthly), based on climate data for a 60-year period , the response of various springs to prolonged drought periods is analyzed in relationship to the geological setting of their recharge areas.
Climate characterization
According to the recent EC (2007), the Mediterranean area is affected by an increase in frequency and duration of drought events, with a general decrease in precipitation. In order to investigate the influence of climate change on the groundwater yield of the Umbria-Marche limestone structure, rainfall trends, on various time-scales, and the occurrence and duration of drought periods were analysed. Table 1 . Statistical analysis of 6-month and 12-month rainfall trends . In bold significance levels (SL) lower than 95% (non-parametric Mann-Kendall test). Only rain gauges having a long and continuous data set (less than 10% data missing) were chosen (1951-2008 period and) The Standardized Precipitation Index (SPI, McKee et al., 1993; Edward and McKee, 1997) was used to measure the magnitude and number of droughts occurring over the last six decades. According to Bordi et al. (2001) , the SPI can be used as a tool in the historical reconstruction of drought events in Italy. Figure 4 shows the 12-months SPI for selected rain gauges located near some of the main springs having continuous discharge measurements: in the last two decades, severe droughts (SPI< -1.5) common to all stations, occurred in the years 1988-1990, 1994-1995, 2001-2003 and 2006-2007 . Conversely, only two main drought periods were identified in the four decades between 1951 and 1988 (1970-1971 and 1973-1975) .
It is interesting to note that the 12-months SPI reaches its lowest value (-3 and less) in the stations located to the east, beyond all the main reliefs of the Apennine chain and closer to the Adriatic Sea (see Figure 2) .
Response of mountain springs to climate change
In order to detect the relationship between monthly spring discharge and SPI an analysis was carried out on Pescara d'Arquata spring which is located in the eastern part of Apennine chain where droughts have been more severe (Figure 5) . The lowest discharge values correspond to the lowest 12-month SPI values, but are shifted with respect to the lowest 6-month SPI.
The Umbria-Marche Sequence contains two main groundwater circuits, with substantially different chemical characteristics:
The Bagnara and Lupa springs, taken as examples, have recharge areas with similar lithological, topographical and climate characteristics and similar mean discharges (about 120 l/s). In spite of this, only the discharge of the Bagnara spring, which is connected to a regional flow (Figure 6 and Figure   7 ), fell dramatically during recent prolonged drought periods (e.g., 2001-2003 and 2006-2007) . The different behavior of the two systems is clear when we analyse the depletion curves of the springs during particularly severe droughts. the upper one lies in the pelagic deposits (Figure 1) ; the lower one in the carbonate platform deposits (base aquifer -much saltier water than that of the upper one).
Some of the examined springs are "local systems" which represent "overflow" of a "deeper regional flow" feeding larger "base springs". A dynamic groundwater divide, the position of which is greatly influenced by climate change, separates the recharge areas of base springs from those of local springs: as the piezometric surface is lowered, the watershed moves towards systems located at higher altitudes, producing a reduction in their recharge areas. Therefore, local springs connected to a base flow are more vulnerable to climate change than springs with recharge areas which do not feed a deep regional flow. Table 1 shows the statistical analysis of 6-month (autumn-winter months) and 12-month rainfall trends of some rain gauges having a continuous data set. All the 17 examined stations have a negative annual and seasonal (autumn-winter months) precipitation trend and 14 of them have statistically significant trends according to the Mann-Kendall test (Mann, 1945; Kendall, 1975 ) also during the main recharge period (6-months from October to March, Figure 3 ).
